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HDR-CX530V)Λ 2୆ઃஔͯ͠ࡱӨΛߦͬͨ (Fig. 3.1)ɽίʔτશମ͕Χϝϥը֯಺ʹ








ަ఺ 2఺ɼ͓Αͼωοτ྆୺ͷനଳͷ্Լ୺ 4఺ͷܭ 12఺Λ༻͍ͨɽ͜ΕΒͷط஌
఺Λ༻͍ͯਪఆ͞Εͨ 3࣍ݩҐஔ࠲ඪΛɼΧϝϥ࠲ඪܥ͔Βίʔτ࠲ඪܥ (Fig. 3.2)
ʹม׵͠ɼ2ը૾͔Βͷίʔτ࠲ඪܥʹ͓͚Δ 3࣍ݩҐஔΛਪఆͨ͠ [50]ɽ












































Fig. 3.4: ࢦͷۂ͛Ԡྗܭଌ࣮ݧͷ༷ࢠ (ࠨ)ͱͦͷ݁Ռ (ӈ)
Rotation axis
of the MP joint
Rubber which applying the 
initial impedance
Rubber which reproducing the 
impedance
Front side



















































































Ϋ͸ 501 mmͷͨΊɼ࠷ߴ఺࣌Ͱ͸ࢦઌߴ͕͞ 3,274 mmͱͳΔɽ·ͨɼ࿹ͷ௕͞Λ











































































































PC͔Βߏ੒͞ΕΔ (Fig. 4.2)ɽόϨʔϘʔϧίʔτͷԣ෯͕ 9 mͰ͋ΔͨΊɼϨʔϧ
෯͸Ϛγϯ͕ 9 mͷ૸ߦΛߦ͑ΔՄಈҬͱͨ͠ɽϨʔϧͱฏߦͯ͠ಔ੡ͷڅిϨʔϧ
Λ 6ܥ౷഑ஔ͠ɼ֤ϚγϯʹAC 100 VిݯΛ 2ܥ౷ͣͭڅిՄೳͳߏ੒ͱͨ͠ɽ·
ͨγεςϜՄൖੑΛ޲্ͤ͞ΔͨΊɼϨʔϧΛ 3 mຖʹ 3ͭͷϞδϡʔϧʹ෼཭Մೳ
ͳߏ੒ͱͨ͠ɽ








































ϚγϯଆʹϐχΦϯΪΞΛ഑ஔ͢Δػߏͱͨ͠ (Fig. 4.3(b)(b’))ɽϐονԁ௚ܘ φ52









ʹ͸ݮ଎ൺ 50ͷݮ଎ػ (ϋʔϞχοΫυϥΠϒࣾ੡, CSG-25-50-2UH)ΛऔΓ෇͚ͨɽ
લ܏ಈ࡞͸࢛અΫϥϯΫػߏΛ࠾༻ͨ͠ɽ௚ཱ 0 deg͔Βલํ 45 degͷՄಈҬͰલ





























































λɼ֤Ϛγϯ౥ࡌ PCΛεϨʔϒͱ͠ɼແઢ LANϧʔλΛ௨ͨ͡ TCP/IP௨৴ʹΑͬ
ͯಈ࡞ࢦྩ΍ঢ়ଶΛ௨৴͠߹͏͜ͱͰڠௐಈ࡞Λ࣮ݱͨ͠ (Fig. 4.5)ɽ
֤Ϛγϯʹ͓͍ͯɼ 1⃝ಈ࡞։࢝଴ͪɼ 2⃝ϒϩοΫಈ࡞தɼ 3⃝ϒϩοΫಈ࡞׬ྃɼ 4⃝









































ࣾ੡, ThinkPad 10,ըૉ਺ 1920 x 1200,໿ 600 g,ຊମੇ๏໿ 256 x 177 x 9.1 mm)Λ༻
͍ͨɽ
ຊϓϩάϥϜͷىಈը໘Ͱ͸ɼϨϑτɼϥΠτͦΕͧΕʹ͓͍ͯ 2nd Tempo͕ 4ύ







ϩοΫؒͷڑ཭ 20 cmɼ 4⃝1.5ຕͰϒϩοΫؒͷڑ཭ 20 cm͔ͭϛυϧͷ࿹͕ࣼΊɼҎ



























2. ֤Ϛγϯ౥ࡌ PC͕ىಈͨ͠ޙɼ੍ޚ༻ϓϩάϥϜ͕ىಈ͠Ϛελ (λϒϨοτ
PC)ͱͷ௨৴઀ଓ଴ͪͱͳΔɽλϒϨοτ PCΛىಈʹΑΓ֤Ϛγϯ౥ࡌ PCͱ
λϒϨοτ PC͕઀ଓ͞ΕɼϚελεϨʔϒʹΑΔ੍ޚ͕ՄೳͱͳΔɽ








ظҐஔ (Ϩʔϧதԝ)͔ΒॴఆͷҐஔ·ͰͷҠಈಈ࡞ (໿ 3.8 m)ʹ࠷ߴ଎౓Ͱ΋ 1.5ඵ
Ҏ্ͷ࣌ؒΛཁ͢ΔɽҰํͰɼ࿅शݱ৔͔ΒͷγεςϜཁٻͱͯ͠ɼಈ࡞։͔࢝Β࠷
୹Ͱ 1.1ඵͰϒϩοΫܗଶΛఏࣔ͢Δ͜ͱͰ͋ͬͨɽͦ͜ͰϛυϧϚγϯͷಈ࡞։࢝








ϯάηϯλʔ (NTCɿNational Training Center)΁ϒϩοΫϚγϯ 1߸ػΛಋೖ͠ɼ2015
೥ 8݄தͷ߹॓࿅शظؒதʹ͓͚ΔΞλοΫ࿅श಺Ͱ 2೔ؒ࢖༻͞Εͨ (Fig. 4.9)ɽ1
೔໨͸໿ 30෼ͷ࿅श࣌ؒ಺ʹܭ 76ճɼ2೔໨͸໿ 25෼ؒͷ࿅श࣌ؒ಺ʹܭ 112ճ࢖
༻͞Εɼ2೔ؒͰܭ 188ճɼܭ 7໊ͷબख͕ࢀՃͨ͠ɽ2nd Tempoͱ 3rd Tempoͷ಺༁
Λ Table 4.1ʹࣔ͢ɽ1೔໨ͷ 2nd Tempo͸Ϩϑτ 21ճɼϥΠτ 21ճɼ3rd Tempo͸
Ϩϑτ 19ճɼϥΠτ 15ճɼ2೔໨͸ 2nd Tempo͸Ϩϑτ 82ճɼϥΠτ 30ճͷ࢖༻
ճ਺Ͱ͋ͬͨɽ1೔໨ͷ 3rd TempoͰͷ࢖༻தɼγεςϜͷՔಇ͕ఀࢭ͢Δ໰୊͕ൃ




Fig. 4.9: ࣮ࡍͷ࿅शݱ৔ʹ͓͚ΔϒϩοΫϚγϯ 1߸ػͷӡ༻ (ࠨɿϨϑτ 1.5ຕ,தɿ
Ϩϑτ 2ຕ,ӈɿϨϑτ 3ຕ)
Table 4.1: ϒϩοΫϚγϯ 1߸ػͷ࢖༻ճ਺
Num. of uses
1st day (30 min.) 2nd day (25 min.)
Left side Right side Left side Right side
2nd Tempo 21 21 82 30




















ՌΛ߹ࢉ͠ɼ2nd Tempoͱ 3rd Tempoʹ෼͚ͯͦΕͧΕͷΞλοΫ݁Ռͷׂ߹Λ Fig.
4.11ʹࣔ͢ɽ








Fig. 4.11ͷ 3rd Tempoͷάϥϑ͔Βɼ(1)ͷׂ߹͕ 1ׂҎԼͱඇৗʹ௿͘ɼΞλο
Χʔʹରͯ͠ϒϩοΫܗଶͷఏ͕ࣔඇৗʹ༗ޮͳଘࡏͱͳ͍ͬͯͨ͜ͱ͕Θ͔Δɽ·

























































































































































શମͱͯ͠ԣ෯͸੍ޚ൫ (ਤத྘࿮)͕ՃΘΓ (໿ 300 mm)໿ 9,400 mmɼԞߦ෯͸ม
ΘΒͣ 1,200 mmͷઃஔੇ๏Ͱ͋Δɽ·ͨಉ༷ʹ๷ٿωοτ (ਤத੺࿮)΋ઃஔͨ͠ɽ


















Table 4.2: ϒϩοΫϚγϯ 2߸ػͷ֤ػߏʹ͓͚ΔϞʔλɼݮ଎ൺ
Mechanism Motor Reduction ratio
Lateral motion
(Middle)
Rack-and-pinion, PD φ40 mm 5 kW×2 -
Lateral motion
(Side)
Rack-and-pinion, PD φ60 mm 400 W×4 4
Jumping Timing belt, pulley, D φ100 mm 400 W 4
Tilting Worm gear, worm wheel 400 W 40
Arm Worm gear, worm wheel 400 W 40
4.15(d))ɽγεςϜཁٻΛຬͨͨ͢ΊʹɼϛυϧϚγϯͷΈߴ͍ԣҠಈ଎౓͕ٻΊΒ
ΕΔͨΊɼϛυϧϚγϯͱαΠυϚγϯͰࠨӈԣҠಈಈ࡞ͷߏ੒͕ҟͳΔɽϛυϧϚ
γϯ͸ࡾ૬ 200 VʹΑΔACαʔϘϞʔλΛ 2࣠༻͍ͯɼܭ 10 kWͰͷۦಈΛߦ͏ɽ
ϐονԁ௚ܘ φ40 mmɼϞδϡʔϧ 4ɼฒࣃͷϐχΦϯΪΞΛ༻͍ͨɽαΠυϚγϯ
͸୯૬ 100 VʹΑΔACαʔϘϞʔλΛ 4࣠༻͍ͯɼܭ 1.6 kWͰͷۦಈΛߦ͏ɽϐο

































































޲ܭ 10ύλʔϯͷϒϩοΫܗଶΛอଘ͢Δ (Fig. 4.16)ɽ࿅शதʹ͓͍ͯ͸໨తͱͳΔ
ϒϩοΫܗଶΛ͜ͷ 10ύλʔϯͷத͔Βબ୒͢Δɽύλʔϯબ୒ޙ΋্هύϥϝʔ
λͷมߋ͕ՄೳͰ͋Γ (Fig. 4.17)ɼมߋ಺༰Λอଘ͋Δ͍͸ഁغ͢Δ (͸͡ΊʹબΜ
ͩঢ়ଶʹ໭͢)͜ͱ΋ՄೳͰ͋Δɽͳ͓࿅शऴྃޙʹຊϓϩάϥϜΛऴྃ͢Δࡍɼ্
هύϥϝʔλ͸λϒϨοτ PC಺ʹอଘ͞Εɼ࣍ճϓϩάϥϜىಈ࣌ʹݺͼग़͞ΕΔɽ




ڑ཭Ͱ 0-1.5 m(10ύλʔϯͷ͏ͪ 2ύλʔϯ͸൚༻ੑ޲্ͷͨΊʹ 3.0 m·ͰՄೳ)
ͷൣғͰ 10 mmͷղ૾౓ͰมߋͰ͖ΔɽλϒϨοτ PCૢ࡞ऀ͸ɼ΢Οϯυ΢ʹදࣔ
͞ΕͨΞϯςφ-Ϛγϯؒڑ཭΍Ϛγϯ-Ϛγϯؒڑ཭Λ֬ೝ͠ͳ͕Βૢ࡞͕ՄೳͰ͋













Fig. 4.16: αΠυ߈ܸʹରԠͨ͠ػೳ (දࣔ͸Ϩϑτଆ)








































































Height at the top of the net
Start point in block motion














ಈ࡞ΛϒϩοΫϚγϯ 2߸ػͰఏࣔͨ࣌͠ͷൺֱΛ Fig. 4.22ʹࣔ͢ɽࠨӈͷը૾͸
ηολʔͷτεͷλΠϛϯάΛ࣌ࠁ t=0 sͱͯ͠։࢝ϑϨʔϜΛ߹Θͤͨ࣌ͷɼಉҰ
ϑϨʔϜִؒͰͷਪҠΛ͍ࣔͯ͠Δɽ֓Ͷͷಈ࡞ͱͯ͠ɼ࣮ࡍͷબखʹΑΔಈ࡞ͱϚ











ͯ࢖༻͞Εͨ (Fig. 4.23, Fig. 4.24)ɽFig. 4.23͓Αͼ Fig. 4.24಺ɼ(1)͸ΫΠοΫ߈ܸ
(AΫΠοΫ)ʹର͢Δ 1ຕϒϩοΫɼ(2)͸ΫΠοΫ߈ܸ (CΫΠοΫ)ʹର͢Δ 1ຕϒ
ϩοΫɼ(3)͸ΫΠοΫ߈ܸ (BΫΠοΫ)ʹର͢Δ 2ຕϒϩοΫɼ(4)͸όοΫΞλοΫ
߈ܸʹର͢Δ 3ຕϒϩοΫɼ(5)͸αΠυ߈ܸ (Ϩϑτ)ʹର͢Δ 1.5ຕϒϩοΫɼ(6)͸



















Fig. 4.23: ࣮ࡍͷ࿅शݱ৔ʹ͓͚ΔϒϩοΫϚγϯ 2߸ػ࢖༻ͷ༷ࢠ 1((1)ΫΠοΫ߈
ܸ 1ຕ, (2)ΫΠοΫ߈ܸ 1ຕ, (3)ΫΠοΫ߈ܸ 2ຕ)
48
ୈ 4ষϒϩοΫಈ࡞ఏࣔγεςϜ
Fig. 4.24: ࣮ࡍͷ࿅शݱ৔ʹ͓͚ΔϒϩοΫϚγϯ 2߸ػ࢖༻ͷ༷ࢠ 2((4)όοΫΞ


































































































































































4.26ʹࣔ͢ɽ1ਓͷબख͕ 6೔ؒɼ2ਓͷબख͕ 3೔ؒɼ1ਓͷબख͕ 2೔ؒɼຊγε
ςϜΛ࢖༻ͨ͠ɽ͜ͷதͰ΋ɼ࠷΋࢖༻ճ਺͕ଟ͘ܧଓͯ͠ຊγεςϜΛ࢖༻ͨ͠બ
खAʹண໨ͨ͠ɽબखA͸ 8೔ؒͷ࿅श߹॓ͷ͏ͪɼ4೔໨ͱ 8೔໨Λআ͘ܭ 6೔ؒ







બखAͷ֤೔ʹ͓͚Δ݁Ռͷ಺༁ͷׂ߹Λ Fig. 4.27ʹࣔ͢ɽFig. 4.27ΑΓΞλο
Table 4.3: αΠυ߈ܸʹ͓͚Δ֤બखͷ࢖༻ճ਺
Day of uses
1 2 3 4 5 6
Player A 45 10 16 31 19 20
Player B 8 18 32 - - -
Player C 71 7 2 - - -












































































ܧଓͯ͠ຊγεςϜΛ࢖༻ͨ͠બख E, Fʹண໨ͨ͠ɽ·ͨ Fig. 4.18ͷػೳͰ͸ɼϒ













1 2 3 4 5 6 7 8
Player E 42 20 25 26 15 16 46 26
Player F 29 20 22 26 42 40 34 18












































ͯɼϚγϯͷ 1ମ෼ͷԣ෯Ҏ಺ͰϒϩοΫ͕ߦΘΕͨ (Fig. 4.29(ࠨ))ຊ਺ΛखಈͰΧ










ͦ͜Ͱɼ߹॓࿅शͷલ൒ 4೔ؒͱޙ൒ 4೔ؒʹ෼ׂ͠ɼબखE, FͷΞλοΫࣦ఺཰ɼ




































Fig. 4.30: λϒϨοτ PCૢ࡞ऀʹΑΔλϒϨοτૢ࡞ࢦఆਫ਼౓ͷਪҠ
Table 4.5: λϒϨοτ PCλοϓճ਺ͷਪҠ
Day of uses
1 2 3 4 5 6 7 8
Number of taps (1 block) 38 34 22 41 73 54 68 54








































First half of the training camp




















































































ϩοΫಈ࡞࣌ͷ࠷ߴ఺ͷग़ݱස౓Λදͨ͠άϥϑ͕ Fig. 4.32Ͱ͋ΔɽFig. 4.32(ࠨ)͕
ϒϥδϧͷϒϩοΫߴ͞Λ͓ࣔͯ͠Γɼฏۉ 3,050 mmɼ࠷ߴ 3,240 mmͰ͋ͬͨɽ·









































ػߏͱͨ͠ (Fig. 4.36)ɽFig. 4.36಺Ͱ੨෦͕Լํɼ੺෦্͕ํɼࠇ෦͕ΰϜόοϑΝ
Λ͓ࣔͯ͠Γɼ࢖༻ͨ͠ΰϜߗ౓͸γϣΞA55Ͱ͋Δɽ
ϒϩοΫϚγϯஉঁ݉༻ԽγεςϜͱͯ͠ɼڧ౓ɾ଱ٱੑΛࢼݧ͢ΔͨΊʹɼαʔ


























April April May July July
Number of uses 81 221 139 160 132







































































































































ϨʔϘʔϧ෦һͷϨΪϡϥʔ·ͨ͸߇͑ͷબख 10໊ (ฏۉ೥ྸ 20.1ࡀ, SD=1.2ɼฏۉ
ڝٕܦݧ೥਺ 10.4೥, SD=2.9)Λ্ڃ܈ɼେֶͰϕϯνొ࿥͞Εͨ͜ͱͷͳ͍உࢠό




͓͚ΔΞλοΫ࣌ͷ஫ࢹׂ࣌ؒ߹͸ɼϘʔϧ 41.87 %(SD=11.49 %)ɼϒϩοΧʔ 3.06
%(SD=8.66 %)ɼηολʔ 9.31 %(SD=6.87 %)ɼதڃ܈͸ɼϘʔϧ 45.00 %(SD=9.45























































































































্Λݪ఺ɼӈํ޲ x࣠ਖ਼ํ޲ɼԼํ޲ y࣠ਖ਼ํ޲ͱ͢Δͱ͖ͷը૾࠲ඪͷ x,y࠲ඪ஋
Ͱ͋ΔɽЋ,Ќ,Ѝͷըૉ਺ʹ͍ͭͯ͸࣮ݧతʹࢉग़ͨ͠ɽ
ը૾࠲ඪ஋͔Βίʔτ࠲ඪܥ΁ͷࣹӨม׵ʹ͍ͭͯઆ໌͢ΔɽࣹӨม׵લͷը૾࠲
ඪΛ (xi, yi)ɼม׵ޙͷը૾࠲ඪΛ (Xi, Yi)ͱ͢Δͱɼม׵ࣜ͸ 5.1ࣜͰද͞ΕΔɽ
Xi =
a1xi + a2yi + a3
a7xi + a8yi + 1
, Yi =
a1xi + a5yi + a6
a7xi + a8yi + 1
(5.1)





















x1 y1 1 0 0 0 −X1x1 −X1y1
x2 y2 1 0 0 0 −X2x2 −X2y2
x3 y3 1 0 0 0 −X3x3 −X3y3
x4 y4 1 0 0 0 −X4x4 −X4y4
0 0 0 x1 y1 1 −Y1x1 −Y1y1
0 0 0 x2 y2 1 −Y2x2 −Y2y2
0 0 0 x3 y3 1 −Y3x3 −Y3y3
















ηολʔͷτεಈ࡞Λɼ྆࿹ͷڍ্ಈ࡞ (5.3ࣜ, Fig. 5.3)ͱͯ͠ఆٛ͢Δɽ5.3ࣜͷ৚
݅ʹΑΓೝࣝ͞Εͨτεಈ࡞ͷ࣌ࠁ (Tt)ͱΞλοΫಈ࡞ͷ࣌ࠁ (Ta)ͷ࣌ؒࠩ͸ɼ࣌











RSy < REy < RWy












·Ε͍ͯͨɽମҭؗ 2֊ίʔτޙํ͔Β঎༻Χϝϥ (Sonyࣾ੡, HDR-CX530V)ʹΑ
Γ၆֯Λ͚ͭͯࡱӨͨ͠ಈը (1920ʷ 1080 pixel, 30 fps)ΛOpenPoseͰͷॲཧͷͨΊ
ʹม׵͠ (1280 ʷ 720 pixel, 15 fps)ɼΦϑϥΠϯॲཧͰ࣮ݧΛߦͳͬͨɽ
τεಈ࡞ೝ͔ࣝ࣌ΒNϑϨʔϜલͷΞλοΧʔҐஔي੻Λ༻͍ͯ࠷খೋ৐๏ʹΑΓ
ઢܗۙࣅΛߦ͍ɼΞλοΫҐஔΛηϯλʔϥΠϯ͔ΒL cmͱͨ࣌͠ͷɼ࣮ࡍͷΞλο
ΫҐஔ (ਅ஋)ͱͷൺֱݕূΛߦͳͬͨɽ༧ଌʹ࢖༻ͨ͠ϑϨʔϜ਺ N͸ 3-8ϑϨʔ
ϜɼηϯλʔϥΠϯ͔Βͷڑ཭ L͸ 0-100 cm಺Λ 10 cmຖʹࢉग़ͨ͠ɽόϨʔϘʔ
ϧʹ͓͚ΔΫΠοΫ߈ܸ͸େ͖͘ 5ͭʹ෼ྨ͢Δ͜ͱ͕Ͱ͖Δ (Fig. 5.4)ɽେ͖͘ηο
λʔͱΞλοΧʔͷҐஔؔ܎ͱڑ཭ʹΑ໊ͬͯশ͕ҟͳΓɼηολʔ͔Βࠨଆ΁͍ۙ

















ͷ࣌ؒ༨༟Λ Fig. 5.5ʹࣔ͢ɽશͯͷΞλοΫछྨʹ͓͍ͯɼฏۉͷ࣌ؒ༨༟͕ 600
msҎ্Ͱ͋Δ͜ͱ͕Θ͔Δɽ
୅දతͳྫͱͯ͠ɼϑϨʔϜ਺ NΛ 3,4,5ϑϨʔϜ (τεಈ࡞ೝࣝલ 133, 200, 267
msલ·Ͱͷॿ૸ي੻)Λ༻͍ͨઢܗۙࣅʹΑΔ༧ଌઢͷྫΛ Fig. 5.6ʹࣔ͠ɼ༧ଌ஋






























3-5ϑϨʔϜΛ༻͍ͨઢܗۙࣅʹ͓͚ΔΞλοΫҐஔ 40-60 cmͷRMS͕ 20-30 cmͰ
͋Γɼখ͍͞ޡࠩͰΞλοΫҐஔΛ༧ଌՄೳͰ͋Δ͜ͱ͕Θ͔ͬͨɽ༧ଌ੒ޭ཰ʹؔ









্ͷਫ਼౓ͰϒϩοΫΛఏࣔͰ͖Δͱ͍͑Δɽ·ͨ Fig. 5.9ΑΓɼϚγϯ 2ମ෼ͷ༧ଌ





ҰํͰ C,DΫΠοΫɼ͓Αͼϒϩʔυ Lʹ͍ͭͯ͸ɼFig. 5.7ΑΓɼ3-5ϑϨʔϜ
Λ༻͍ͨઢܗۙࣅʹ͓͚ΔΞλοΫҐஔ 40-60 cmͷRMS͕ 1 mҎ্Ͱ͋Γɼ༧ଌ੒
ޭ཰ʹؔͯ͠΋ɼFig. 5.8ΑΓɼ20 %ҎԼͰ͋Γɼे෼ͳ༧ଌਫ਼౓͕ಘΒΕͳ͔ͬͨɽ

























Fig. 5.6: ΞλοΫҐஔ༧ଌͷྫࣔ (੺ؙ: ΞλοΧʔͷي੻ 20఺ɼ྘ؙ: τεಈ࡞ೝ
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ͦΕͧΕ࣌ؒ༨༟͸ɼAΫΠοΫ͕ฏۉ 772 ms(SD=74 ms)ɼBΫΠοΫ͕ฏۉ 649
ms(SD=90 ms)Ͱ͋ͬͨɽ྆ΞλοΫͱ΋ɼฏۉͷ࣌ؒ༨༟͕ 600 msҎ্Ͱ͋ΔͨΊɼ
ϒϩοΫϚγϯಈ࡞ͷͨΊͷִ࣌ؒؒΛ֬อͰ͖͍ͯΔɽ
୅දతͳྫͱͯ͠ɼϑϨʔϜ਺ NΛ 5,6,7ϑϨʔϜ (τεಈ࡞ೝࣝલ 267, 333, 400
msલ·Ͱͷॿ૸ي੻)Λ༻͍ͨઢܕۙࣅʹΑΔೋ৐ฏۉฏํࠜΛ Fig. 5.10ʹɼϚγ
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ͷ 8఺ɼ͓Αͼ྆Ξϯςφͱωοτ্୺ɾԼ୺ͷ 4఺ɼܭ 12఺Λ༻͍ͨɽͳ͓Χϝ
ϥؒڑ཭͸໿ 6 mͱ͠ɼηϯλʔϥΠϯ͔Β໿ 12.5 m཭Εͨߴ͞໿ 7.7 mͷҐஔʹ၆
֯Λ͚ͭͯΧϝϥΛઃஔͨ͠ɽΧϝϥ͸ PointGrayࣾ੡ͷGrassHopper3(ղ૾౓ 2048
ʷ 2048 pixel)ʹը֯ 50.3 degͷϨϯζΛऔΓ෇͚ͨ΋ͷΛ࢖༻ͨ͠ɽ
2ը૾Λ༻͍ͨ 3࣍ݩҐஔਪఆޡࠩΛݕূ͢ΔͨΊɼόϨʔϘʔϧίʔτ্ʹط஌
఺ϚʔΧΛઃஔ͠ɼਪఆ஋ͱਅ஋Λൺֱͨ͠ɽόϨʔϘʔϧίʔτ (9 ʷ 9 m)Λ 3 m
ͷάϦουʹ෼ׂ͠ɼάϦουަ఺ʹ͓͍ͯͦΕͧΕ 0, 1, 2, 3, 4 mͷҐஔʹط஌఺
ϚʔΧΛઃஔ͠ɼ2ը૾ʹ͓͚Δ֤ϚʔΧΛखಈͰը૾࠲ඪΛࢦఆͨ͠ɽ
2ը૾ͷը૾࠲ඪର͔Β֤ΧϝϥύϥϝʔλΛ༻͍ͯ 3࣍ݩҐஔਪఆΛߦ͍ɼط஌




Ռͱͯ֓͠Ͷ 100 mmҎ಺ͷܭଌޡࠩͰ͋ΓɼόϨʔϘʔϧͷ௚ܘ͕ 210 mmͰ͋Δ
86
ୈ 5ষϦΞϧλΠϜτϥοΩϯάʹΑΔࣗಈ੍ޚγεςϜ
Distance between estimated value 
and true value [mm]
(Notation in red letters not less 
than 100 mm)
Height: 0 m Height: 1 m Height: 2 m























Xk = {xk, x˙k, x¨k, yk, y˙k, y¨k, zk, z˙k, z¨k} (5.5)
ͱද͞ΕΔɽͳ͓͜͜ͰηϯλʔϥΠϯͱࠨଆαΠυϥΠϯͷަ఺Λݪ఺ͱ͠ɼη
ϯλʔϥΠϯӈଆํ޲Λ x࣠ɼԖ௚্޲͖ํ޲Λ y࣠ɼαΠυϥΠϯखલํ޲Λ z࣠
ͱ͢Δ࠲ඪܥͱ͢Δɽ·ͨɼΧϧϚϯϑΟϧλͷঢ়ଶϞσϧ͸ɼ





1 δt 0 0 0 0 0 0 0
0 1 δt 0 0 0 0 0 0
0 − cmδt 0 0 0 0 0 0 0
0 0 0 1 δt 0 0 0 0
0 0 0 0 1 δt 0 0 0
0 0 0 0 − cmδt 0 0 0 0
0 0 0 0 0 0 1 δt 0
0 0 0 0 0 0 0 1 δt








0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 −g 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0










1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0
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ࣾ੡ɼGrassHopper3)ͱೝࣝ༻PC(NEXTGEAR-NOTE i71130SA1, Core i7-8700,ʲSLIʳ
GeForce GTX 1080)͔Βߏ੒͞ΕΔɽΧϝϥ 2୆͸ίʔτޙํɼ2֊Ωϟοτ΢ΥʔΫ
ʹઃஔ͓ͯ͠ΓɼϒϩοΫϚγϯ੍ޚ༻ PCͱͷڑ཭͕͋ΔͨΊɼೝࣝ༻ PC-੍ޚ༻
PCؒ͸ແઢϧʔλΛհͯ͠TCP/IP௨৴ʹΑΓ૬ޓͷ৘ใ఻ૹΛߦͳͬͨɽOpenPose












Ͱ͸ YOLOͷೝࣝൣғΛ 800 ʷ 800 pixelͱ͍ͯ͠Δɽͦ͜Ͱ OpenPoseʹΑΔτε
ಈ࡞ೝࣝޙɼηολʔબखͷҐஔ Ps(xp, 0, zp)ͷߴ͞ 2 mͷҐஔ Ps(xp, yp(= 2m), zp)
Λ YOLOͷೝࣝൣғͷத৺ͱͳΔΑ͏ɼ5.11ࣜɼ5.12ࣜʹΑΓ֤Χϝϥʹ͓͚Δը










⎡⎢⎣fLx 0 cLx0 fLy cLy
0 0 1
⎤⎥⎦
⎡⎢⎣ rL1 rL12 rL13 tL1rL21 rL22 rL23 tL2














⎡⎢⎣fRx 0 cRx0 fRy cRy
0 0 1
⎤⎥⎦
⎡⎢⎣ rR1 rR12 rR13 tR1rR21 rR22 rR23 tR2












Πϯ͔Β໿ 18 m཭Εͨߴ͞໿ 6.1 mͷҐஔʹ၆֯Λ͚ͭͯΧϝϥΛઃஔͨ͠ɽΧϝ









































ΘΕΔ͜ͱ͕֬ೝ͞Εͨɽಛʹ Fig. 5.20(Լ)ͷΑ͏ʹɼτε͕୹͘ͳͬͨ࣌ (Ξϯς


















ར͖ͷબखͰ͋Ε͹બखͷॏ৺ͷҐஔΑΓ΋ࠨଆʹɼͦΕͧΕ 30 cmલޙ (͜ͷ਺஋


















































































































































































1. ੩ࢭࢹྗ (Static Visual AcuityɿSVA)
2. લޙํ޲ಈମࢹྗ (Kinetic Visual AcuityɿKVA)
3. ԣํ޲ಈମࢹྗ (Dynamic Visual AcuityɿDVA)
4. ਂࢹྗ (Depth PerceptionɿDP)
5. ίϯτϥετײ౓ (Contrast sensitivityɿCS)
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6.1εϙʔπՊֶ
6. ؟ٿӡಈ (Ocular Motor SkillɿOMS)
7. ॠؒࢹ (Visual Reaction TimeɿVRT)
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